ABSTRACT
Leptospirosis is an emerging bacterial zoonotic disease of worldwide importance. Patients with leptospirosis can present with a wide clinical spectrum with haematological manifestations often apparent 1 . Infections in humans can vary from being mild, where flu-like symptoms are exhibited, to acute, where, in extreme cases, the onset of renal and hepatic failure can occur 2 . The disease can progress to Weil's disease (also referred to as severe icteric leptospirosis with renal failure), which has a mortality rate of 5-50% 3, 4 .
Leptospires are motile, flexible, helical aerobic spirochaetes, of which some members are considered as non-pathogenic while the remainder are known pathogens of man and animals 5 . Leptospires enter the host when mucous membranes or abraded skin comes in contact with contaminated environmental sources 6 . Transmission to humans can occur from direct contact with the urine of a mammalian host or indirectly through contact with contaminated water, soil, or infected body fluids or tissues of carrier animals 6 . A number of reviews and studies have been undertaken in recent years to better understand the value of laboratory findings for the diagnosis and management of leptospirosis that 85% of leptospirosis patients were lymphopenic and concluded that lymphopenia is a common feature of leptospirosis 8 . In response to this finding, 253 leptospirosis patient cases were reviewed in Salvador, Brazil, and it was conversely observed that only 17% of patients were lymphopenic at admission 9 . Additionally, the authors suggested that environmental factors and the different distribution of leptospiral serovars may account for the differences observed in the frequency of lymphopenia 9 .
The most common serovar in Salvador, Brazil is Leptospira interrogans serovar Copenhageni 10, 11 , while in the Pontchaillou Hospital study, the most common was Leptospira interrogans serovar Grippotyphosa 8 . Both studies failed to report the frequency of lymphopenia across serovars.
In response to this knowledge gap, recent research reported lymphopenia during the acute phase of leptospiral infections appears common across the majority of pathogenic serovars screened for in Australia, with Leptospira borgpetersenii serovar Arborea, L. borgpetersenii serovar Hardjo, and L. interrogans serovar Copenhageni being the possible exceptions 12 . While there is now a slow accumulation of published data in relation to lymphocyte counts between different infecting leptospiral serovars, data on other haematological markers between infecting serovars appears to elude the research literature. The aim of this study was to compare and identify haemoglobin and red cell counts that were different between patients infected with different leptospiral serovars at first presentation.
The study protocol was approved by the Human Ethics Committee from Queensland Health Forensic and Scientific Service (Approval Number 08-001/12) and the Human Ethics Research Committee from the University of the Sunshine Coast (Approval Number A/08/155).
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A total of 207 leptospirosis patients, all male between 18 and 75 years of age, were identified and investigated retrospectively over a 10-year period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) showing a greater than fourfold rise in titre on follow-up from the initial presentation. At the time of presentation, all patients were MAT nonreactive, indicating acute phase of the disease. Patients presenting with significant respiratory distress, indicated by diffuse alveolar haemorrhage and/or acute liver or renal failure requiring admission to an intensive care unit or high dependency unit, were excluded from the study. Infecting serovar was determined from isolates using the cross-agglutination absorption test (CAAT) or from serum by MAT. Both the CAAT and MAT have high specificity for identifying infecting serovars circulating in Australia.
Common diseases causing pyrexia in Australia, such as dengue fever, Ross River fever, infections by Barmah Forest Virus, and rickettsial species, were excluded through serology, while infections with pathogenic Staphylococcus spp., Meningococcus spp., Pseudomonas spp., Haemophilus spp., and other anaerobes were excluded by negative blood cultures.
Pathology results reported were those from the first sample collected at the initial presentation at a Queensland Health Hospital. Haemoglobin and red cell counts were investigated in this study. The findings between the different serovar infected groups were compared firstly using between groups analysis of variance (ANOVA). Derived F statistics <0.05 were followed up with post hoc t-tests using the t-tests statistical function in Microsoft Excel. Haemoglobin and red cell counts between the groups were considered significant for p values<0.05. Follow-up investigations of the mean haemoglobin concentration between the groups of patients infected with different serovars revealed that the higher mean concentration of haemoglobin observed in the serovar Szwajizak infected group was significantly different to most of the other serovars except serovar Celledoni ( Table 2 ). The mean concentration of haemoglobin in patients infected with the serovar Canicola was significantly lower than that observed in the group infected with the serovar Celledoni (131.29g/L versus 154.17g/L, p=0.03). Similarly, follow-up investigations of the mean red cell count (RCC) between the groups of patients infected with different serovars revealed that the higher mean RCC observed in the serovar Szwajizak infected group was significantly different to most of the other serovar infected groups except for groups infected with serovar Celledoni (Table 3 ). Significant differences in the mean RCC were also observed between the: Kremastos and Canicola infected groups (4. In humans, the occurrence of lymphopenia during the acute phase of leptospirosis was reported as being common across the majority of pathogenic serovars screened for in Australia 12 . The only exceptions identified by the study were L. borgpetersenii serovars Arborea and Hardjo and L. interrogans serovar Copenhageni 12 . There are significant published data in relation to lymphocyte counts between different infecting serovars, while there is a paucity of data about variation of other haematological markers in the literature. The aim of the study was to compare haemoglobin and red cell counts between patients known to be infected with a range of leptospiral serovars at their first presentation.
The statistical differences observed between serovars in relation to red cell indices, such as Hb and RCC, are not unexpected, as erythroid hypoplasia has been reported in leptospirosis 13 . Patients infected with serovar Szwajizak presented with the highest mean Hb and RCC, and these findings may be due to a less direct toxic effect on the erythroid progenitor cells but may also reflect a lower impact of the serovar on the integrity of the vascular system or a combination of both. Conversely, patients infected with serovar Canicola presented with the lowest mean Hb and RCC, and this observation may be due to a more direct toxic effect on the erythroid progenitor cells or may also reflect a higher impact of the serovar on the integrity of the vascular system or a combination of both.
Interleukin 3 produced by lymphocytes is an important cytokine in erythrocyte haemopoeisis 14, 15 , and based on this, it may be postulated that the lymphopenia frequently observed in leptospirosis may also affect red cell indices investigated here 12 . However, lymphopenia has been observed in all those infected with serovar Szwajizak, which would suggest that red cell indices would not be higher in this group 12 .
Further studies investigating erythropoietin, vitamin B12, serum folate, and red cell folate are required to determine if these markers underpin the differences observed in red cell indices between the different infecting serovars. The results of such studies may also provide valuable therapeutic insight for the treatment or management of the disease in patients. Further studies are also required to compare and identify other Craig SB et al -Haematological findings in leptospirosis haematological markers that are different between patients infected with different leptospiral serovars at first presentation. Such studies may also provide valuable therapeutic insights into treating the disease.
In conclusion, this is the first study to identify the differences in Hb and RCC between patients infected with different leptospiral serovars. These findings suggest that haemoglobin and red cell counts may be useful in differentiating leptospiral serovars in suspected leptospirosis patients.
